Dear Editors, For the published paper entitled "A new cumulative fatigue damage rule based on dynamic residual S-N curve and material memory concept" (Metals (2018; 8(6) : 456)), Kris Hectors and Prof. Wim De Waele give a comment about the incorrect use of the formula of fatigue life prediction. Thanks for the suggestion. The following is our reply for the comment.
According to the comment "Equation (34) implicitly assumes that the number of cycles of each load block can be scaled with the same scalar up to failure, corresponding to ∑ = 1 and ∑ = . This is however only true if the damage accumulation is described as a linear function of cycle ratios."
This description is not true in some special cases. Considering a repeated two-level load block (with two blocks to failure), as shown in Figure 1 . It can also be viewed as a four-level fatigue loading, the specimen is fatigued by σ 1 for n 1 cycles, σ 2 for n 2 cycles, σ 3 for n 3 cycles, and σ 4 for n 4 cycles to failure, where σ 1 = σ 1 , σ 2 = σ 2 , σ 3 = σ 1 , σ 4 = σ 2 , n 1 = n 1 , n 2 = n 2 , n 3 = n 1 , n 4 = n 2 .
As is known, for a linear damage accumulation model, the damage variable D i should be a linear function of cycle ratio n i /N f i , that is:
In Equation (1), for Miner rule, D i = n i /N fi . For a nonlinear damage model, D i is defined as a nonlinear function of the cycle ratio, such as Marco-Starkey's model (D i = (n i /N fi ) a i ), Chaboche's continuum damage mechanics model (the formula can be found in Ref [47] ).
(1) Kwofie's model For Kwofie's model, D i is described as:
where ln(N fi )/ ln(N f1 ) is a constant without n i /N fi . D i is a linear function of cycle ratio n i /N fi and that it is a linear damage model.
Fatigue damage is accumulated by taking a summation of the segmental damage caused by each loading stress level.
(a) The first-level loading
The second-level loading
The third-level loading
The fourth-level loading
The cumulative damage D i is expressed as:
Using the Equation (34), the predicted fatigue life is
Equation (8) can be scaled with a scalar C (C = 2).
(2) A modified Kwofie's model Similar to Equation (2), we change the damage variable as:
Compared to Equation (2), ln(N f1 ) becomes ln N f(i−1) , and ln(N fi )/ ln N f(i−1) is a constant without of n i /N fi . D i is still a linear function of cycle ratio n i /N f i .
(a)
The first-level loading
Using the Equation (34), the predicted fatigue life is:
Equation (15) cannot be scaled with a scalar because ln(N f1 )/ ln(N f2 ) 1. As a result, for the linear damage model, it is uncertain whether the number of cycles of each load block can be scaled. This is attributed to ln N f(i−1) in Equation (9). Although ln N f(i−1) is a constant irrelevant with cycle ratio, it is changed with previous fatigue life.
(3) Proposed model For the proposed model, D i is described as:
where α k = e −n k /N fk − e −1 / 1 − e −1 .
In Equation (16), the loading effect coefficient
is associated with fatigue lives N f1 , N f2 , . . . , N fi and previous cycle ratios n 1 /N f 1 , n 2 /N f 2 , . . . , n i−1 /N f(i−1) but without n i /N f i . If these previous cycle ratios are determined, then λ i becomes a determined value as a constant. The damage variable D i will be a linear function of cycle ratio n i /N f i , in reality it is a linear damage model.
Equation (22) cannot be scaled with a scalar because 1 + λ 3 2 and λ 2 + λ 4 2. This is attributed to λ i in Equation (16). λ i is a constant without of the current cycle radio n i /N f i , it is changed and determined by previous cycle ratios from n 1 /N f 1 to n i−1 /N f (i−1) . It should be pointed out that the loading effect coefficient λ i reveals a significant correlation with previous fatigue loading histories. This finding is an essential distinction with the Miner rule (λ i = 1).
(4) The reason for using Equation (34) to predict fatigue life
In the paper, the prediction of fatigue life contain two steps:
(a) The first step:
The cumulative fatigue damage k i=1 D i is first calculated using different fatigue damage models. It should be emphasized that k i=1 D i denotes the predicted cumulative damage and its calculated value may not be equal to unity for different models. For the experimental value of cumulative damage, it is always defined as unity without using damage models,
The second step:
According to the calculated values of cumulative damage obtained by different models, the fatigue life is thus calculated by Equation (34).
For the experimental result, the cumulative fatigue damage is unity. For different models, if the predicted cumulative damage is unity (i.e., D i → 1 ), then the predicted fatigue life should be close to the experimental result (i.e., N pre →N exp ) and the corresponding damage model becomes more effective.
For the comment in Table 1 , D i denotes the predicted cumulative damage by different models but not the real value of experimental result ( D i = 1). In theory, the predicted results cannot be equal to the experimental ones. In row (a), the specimen is fatigued by σ 1 for 13,749 cycles and σ 2 for 51,304 cycles to failure. This is correct because it denotes the real experimental results. However, in row (b) and row (c), the number of loading cycles of n 1 and n 2 are defined as the hypothetical values. The specimen is supposed first fatigued by σ 1 for 18,454 (or 17,497) cycles and then σ 2 for 68,860 (or 65,290) cycles. This situation is not correct (the specimen may be failure when n 2 = 50,000 or other value, and n 2 can only be determined by the experiments). In addition, if n 1 and n 2 are changed, the predicted damage (D 1 and D 2 ) should also be changed by the cumulative damage models as well as the corresponding predicted fatigue lives. It is meaningless for supposing a particular value of the loading cycles.
Moreover, for Corten's model as stated by Equation (29) 
where n r = n 1 + n 2 + . . . + n k = k i=1 n i , N g is the predicted fatigue life.
The predicted fatigue life can be written as:
This formula is the same as the Equation (34) in our paper.
As stated previously, the use of the Equation (34) for fatigue life prediction should be reasonable. 
